We present an interferometer topology based on 3x3 fiber couplers that gives instantaneous access to the magnitude and phase of the interferometric signal. We demonstrate its performance in heterodyne and homodyne detection with a broadband light source. Interferometry with broadband light sources has become a widely used technique for depth ranging in biologic samples in time-domain optical coherence tomography' (OCT), Fourier-domain OCTz, , , optical frequency domain reflectometry4~ ', color Doppler OCT" ', and phase-referenced interferometry'. In these applications, it is useful or necessary to have access to the entire complex interferometric signal. Unfortunately, square-law detector output only gives the real part of the complex signal. Several methods are available that allow for the retrieval of both the complex signal. These include polarization quadrature encodingg' lo, phase stepping". 12, and lock-in detection6' 13. Each of these techmques has well-characterized limitations.
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Here we present a fiber-based quadrature low-coherence interferometer that exploits the inherent phase shifts of 3x3 fiber optic couplers. We demonstrate that the outputs of the 3x3 interferometer give the entire complex inkrferometric signal in homodyne and heterodyne systems.
Fused-fi~er couplers rely on evanescent wave coupling to split a wave between fibers. This evanescent process not only transfers power from one fiber to another, but also imparts a phase shift on the transferred field. NxN couplers of order higher than 2 (e.g. 3x3, 4x4) have non-reciprocal interferometric phase shifts among their , while the interferometric phase shift in a 2x2 is 180'. Consider the 3x3 Michelson interferometer in Fig 1A. The normalized interferometric signal from each
detector is:
Ax is the path length difference between the reference and sample arms, E@) is the interferometric envelope, @' is the phase difference between il and i2, and @" is the phase difference between il and i3. The complex interferometric signal can be instantaneously obtained from i , . The most straightforward algorithm uses il and ZZ. We define i l as the real par$ iRe, of the complex signal. We thus need to solve for i1,,,=sin(2kAx), the imaginary part of the signal. Using the trigonometric identity cos(u+b)=cos(a)cos(b)-sin(a)sin(b):
We constructed a 3x3 Michelson interferometer with a superluminescent diode (OptoSpeed; &= 1274nm, Ah=28nm) and an AC Photonics, Inc. 3x3 fiber coupler. For the heterodyne experiment, the reference arm was scanned at ~8 . 3 &sec. The phase shift among the detector outputs is appreciated in Fig lb. Q and Q' were measured to be 130.8O and -104.6O, respectively. il, i2, and i3 are parametrically plotted against each other in Fig. 2A . The real and imaginary parts of the interferogram are plotted in Fig 2C, and the magnitude and phase are in Fig 3, The derivative of the phase with respect to time yields the Doppler shiftfd generated by the scanning reference mirror:
The calculated Doppler shift (Fig 3) agrees with the theoretical value of 13kHz.
We demonstrated the 3x3 instantaneous quadrature interferometer in a homodyne experiment by stopping the scanning reference mirror'6 (v=O) so that dx corresponds to the middle of an interferogram and recordtng the detector output for 10 seconds (Fig 4) . Because the mirrors will drift -A, the phase of the interferogmm will vary -2n, while the magnitude will remain virtually unchanged. The magnitude stays steady (mean=1. 52, variance=1.96 and the phase plot shows that variations in i l and i2 are due to the phase drifting over a fringe of the interferogram.
In summary, we demonstrated a quadrature interferometer based on a 3x3 fiber coupler that gives instantaneous access to the entire complex interferometric signal. This topology will be useful in time and frequency domain OCT systems for both structural and functional imaging.
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13. 14. Figure 4 Magnitude and phase of complex homodyne interferometric signal. The reference are was not scanned, and small motion of the reference and sample mirrors led to changes in the interferometric phase. It is impossible to distinguish magnitude variations from phase variations in the photodetector outputs il and i2. Because the 3x3 imparts a non-reciprocal phase shifts on them, however, il and i2 can be used to calculate the magnitude and phase of the signal. The magnitude is flat (mean=1.52, variance=1.96 while the small mirror motions lead to variations in phase.
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